The serum concentration of insulin-like growth factor-I (IGF-I) is reduced in growing rats fed a l ow\ x=req-\ protein diet, and this decrease is age-dependent, being more pronounced in younger animals. To determine whether this decrease in serum IGF-I is related to a decrease in IGF-I mRNA, growing female rats were given free access to either a 15% protein-sufficient or a 5% protein-deficient diet for 1 week. Protein restriction in 4-week-old rats decreased body weight gain by 44% (P <0\m=.\001)compared with 4-week controls), serum IGF-I concentration by 67% (P < 0\m=.\001) and liver IGF-I mRNA abundance by 51% (P < 0\m=.\001). During week 6, protein restriction for 1 week resulted in a 20% increase in food intake with no change in weight gain, a 38% reduction in serum IGF-I (P <0\m=.\001 compared with 6-week controls) and a 39% decrease in liver IGF-I mRNA (P < 0\ m=. \ 001) . The serum IGF-I concentration was highly correlated (r = 0\m=.\80; P < 0\ m=. \ 001) with the hepatic IGF-I mRNA concentration. Skeletal muscle IGF-I mRNA abundance was also decreased significantly by protein restriction (37% at week 4, P<0\m=.\001, and 24% at week 6, P < 0\ m=. \ 01)and was closely correlated (r = 0\m=.\71; P < 0\ m=. \ 001) with body weight gain. Liver GH-binding protein and GH receptor mRNA abundance were reduced by 1 week of protein deprivation at week 6 but not at week 4. We conclude that the reduced serum IGF-I of young rats fed a low-protein diet is due, in part, to reduced liver IGF-I mRNA, and that these changes are not dependent on GH binding. Decreased skeletal muscle IGF-I mRNA during protein restriction is consistent with an autocrine/ paracrine action of IGF-I in muscle. Journal of Endocrinology (1991) 130, 305\p=n-\312 
whether this decrease in serum IGF-I is related to a decrease in IGF-I mRNA, growing female rats were given free access to either a 15% protein-sufficient or a 5% protein-deficient diet for 1 week. Protein restriction in 4-week-old rats decreased body weight gain by 44% (P <0\m=.\001)compared with 4-week controls), serum IGF-I concentration by 67% (P < 0\m=.\001) and liver IGF-I mRNA abundance by 51% (P < 0\m=.\001). During week 6, protein restriction for 1 week resulted in a 20% increase in food intake with no change in weight gain, a 38% reduction in serum IGF-I (P <0\m=.\001 compared with 6-week controls) and a 39% decrease in liver IGF-I mRNA (P < 0\ m=. \ 001) . The serum IGF-I concentration was highly correlated (r = 0\m=.\80; P < 0\ m=. \ 001) with the hepatic IGF-I mRNA concentration. Skeletal muscle IGF-I mRNA abundance was also decreased significantly by protein restriction (37% at week 4, P<0\m=.\001, and 24% at week 6, P < 0\ m=. \ 01)and was closely correlated (r = 0\m=.\71; INTRODUCTION Fasting causes marked reductions in serum concen¬ trations of insulin-like growth factor I (IGF-I) in humans and rats and in the abundance of mRNA for IGF-I in rat liver (Phillips & Young, 1976; Clemmons, Klibanski, Underwood et al. 1981; Mérimée, Zapf & Froesch, 1982; Ketelslegers, 1984; Emier & Schalch, 1987) . These effects may be mediated by reductions in growth hormone (GH) binding, because liver GH binding and GH receptor mRNA levels are decreased in fasted rats (Maes, Underwood & Ketelslegers, 1983; Maes et al. 1984 ; Straus & Takemoto, 1990) . When dietary protein is restricted, IGF-I in the serum of humans and rats (Shapiro & Pimstone, 1978; Prewitt, D'Ercole, Switzer & Van Wyk, 1982; Isley, Underwood & Clemmons, 1983) and IGF-I mRNA in the liver of rats also decline (Bornfeldt, Anrqvist, Enberg et al. 1989 ; Moats-Staats, Brady, Underwood & D'Ercole, 1989) . This decline in serum IGF-I is age-related, being more marked in young animals (Prewitt et al. 1982; Fliesen, Maiter, Gerard et al. 1989 ). Protein restriction, unlike fasting, decreases GH binding only modestly, and probably not to an extent sufficient to account for the changes in serum IGF-I. Rather, there is evidence for intracellular, post-receptor resistance to GH action (Maes, Amand, Underwood et al. 1988 ).
In the present study, we subjected rats to 1 week of dietary protein restriction to determine the relation¬ ships between serum IGF-I concentration and the abundance of mRNAs for IGF-I, GH receptor and GH-binding protein in liver. We also examined IGF-I mRNA abundance in skeletal muscle during protein restriction. An important target tissue for growth with major requirements for protein substrates, rat skeletal muscle has been shown to possess IGF-I mRNA, which increases after GH administration (Isgaard, Carlsson, Isaksson & Jansson, 1988) and during regeneration after ischaemic injury (Edwall, Schalling, Jenische & Norstedt, 1989) . To determine whether the changes in IGF-I expression induced by protein restriction are age-dependent during early growth, as we have observed for GH binding (Fliesen et al. 1989) , rats were studied after 1 week of dietary treatment ending at 4 and 6 weeks of age. (Svoboda & Van Wyk, 1985) and a polyclonal antiserum (No. 805) that has <0-5% cross-reactivity with IGF-II. This assay has been described and validated previously (Copeland, Underwood & Van Wyk, 1980 (Lowry, Rosebrough, Farr & Randall, 1951) .
MATERIALS AND METHODS

Experimental design
The abundance of hepatic IGF-I, GH receptor and GH-binding protein mRNAs were determined by Northern blot analysis. To reduce the number of samples processed, five pools of liver (two rats/ pooled sample) were formed for each diet by age group. Liver poly(A)+ RNA was isolated (Aviv & Leder, 1972; Ullrich, Shine, Chirgwin et al. 1977; Chirgwin, Przybyla, MacDonald & Rutter, 1979) , and then samples in duplicate were size-fractionated (Thomas, 1980) and transferred to nylon membranes (GeneScreen, New England Nuclear, Cambridge, MA, U.S.A.) as described previously (Lund, (Rigby, Diekmann, Rhodes & Berg, 1977 Pools of muscle (0-2 g/rat; two rats/sample) were formed as for the liver, and total nucleic acids (TNA) were isolated (Durnam & Palmiter, 1983 (Fig. 2) . At 4 weeks, the 7-5 kb band in protein-restricted rats was 5-3% of total IGF-I mRNA vs 6-9% for controls, and at 6 weeks it was 41% vs 7-6% for controls. Using data from control rats at 3 weeks of age and control and protein-restricted rats at 4 and 6 weeks, liver IGF-I mRNA abundance correlated closely with serum IGF-I concentration (r = 0-80; JP<0001). liver, the abundance of muscle IGF-I mRNA was decreased by protein restriction at both week 4 (37% decrease, F < 0-001 vs week-4 controls) and week 6 (24% decrease, <001 vs week-6 controls, Fig. 3 ). (Shapiro & Pimstone, 1978; Prewitt et al. 1982; Isley et al. 1983; Maes et al. 1988; Fliesen et al. 1989) and indicate that there is a close relationship (r = 0-8) between the decline in serum IGF-I and the steady-state levels of IGF-I mRNA in liver. These results are consistent with an earlier observation that liver IGF-I mRNA abundance and serum IGF-I concentrations are highly correlated (r = 0-9) in young rats during fasting and refeeding (Emler & Schalch, 1987) . Straus & Takemoto (1990) found that decreased rates of IGF-I transcription did not account for this reduced abundance of IGF-I mRNA in the livers of fasted rats, suggesting post-transcriptional regulation of mRNA stability. The half-life for the 7-5 kb IGF-I mRNA species is much shorter than that of the other IGF-I mRNA size classes (Hepler, Van Wyk & Lund, 1990 (Fliesen et al. 1989 ). We have also reported that serum IGF-I concen¬ trations fall more rapidly than GH-binding activity after the initiation of protein restriction (Maiter, Maes, Underwood et al. 1988 ). In addition, proteinrestricted hypophysectomized rats have post-receptor resistance to GH, as indicated by impaired ability of GH injections to stimulate IGF-I concentrations despite normal GH binding (Maes et al. 1988 
